Objective: The objective was to determine the glycaemic index (GI) and insulinaemic index (II) of some common products intended for infants; that is, three commercial porridges and one gruel. Also, the influence of added fruit components to porridge on postprandial metabolic responses was studied by comparing corresponding data with a matched model product without fruit. Design: The volunteers were served the test products in random order following an overnight fast. A white bread was included as a reference product. Capillary blood samples were collected before and during 3 h after the meals. Setting: The study was performed at the Department of Applied Nutrition and Food Chemistry, Lund University, Sweden. Subjects: A total of 10 healthy volunteers, six men and four women, aged 24-41 y, with normal body mass indices, were recruited. Results: The GIs (67-75) of the commercial porridges and gruel were significantly lower than for the white bread reference (Po0.05). In contrast, the GI (79) of the model product (porridge without fruit) could not be distinguished from the reference. The IIs (112-149) for the commercial products and model products, respectively, were not significantly different from the reference. Conclusions: The commercial porridges and gruel gave unexpectedly low GIs. In contrast, high IIs were noted. The inconsistency between GI and II could probably be explained by the insulinotrophic effect of the milk component in the products. The fruit and fruit juice added to some of the products had only minor effect on postprandial glycaemia.
Introduction
Today, there is an important body of evidence to support a therapeutic potential of low-glycaemic index (GI) diets, not only in diabetics (Wolever et al, 1992; Järvi et al, 1999) but also in subjects with dyslipidaemia (Jenkins et al, 1985 (Jenkins et al, , 1987 .
More recent data also support the preventive potential of such diet against the development of type II diabetes and cardiovascular disease (Salmeró n et al, 1997a, b; Frost et al, 1999; McKeown et al, 2004) , that is, diseases linked to the metabolic syndrome. Although the importance of low-GI food products is emphasised in dietary recommendations (FAO/WHO, 1998), a major disadvantage in this connection is the shortage of low-GI foods.
Although there is an extensive documentation concerning GI features of different food in the adult diet, including the beneficial effect of a low-GI diet, much less is known about the applicability of the GI concept in childhood. However, the use of a low-GI diet in diabetic children significantly improved the glucose control as judged by reduced HbA 1c . Also, lowered serum cholesterol levels were noted (Collier et al, 1988) . Moreover, a low-GI breakfast significantly reduced the cumulative voluntary energy intake in obese boys (Ludwig et al, 1999) , suggesting that low-GI products induce metabolic benefits also in children. Findings in obese children have further shown a greater reduction in body mass index (BMI) in subjects prescribed a low-GI diet compared with a reduced-fat diet (Spieth et al, 2000) . With respect to young children, the focus has been on the insulin response rather than on the glycaemic effect. Consequently, the insulinotrophic effect of high protein levels in, for example, weaning foods has been acknowledged and discussed as potentially harmful (Axelsson et al, 1989) . The GI characteristics of food products intended for children have not been addressed. In a recent study, significantly reduced postprandial glucose and C-peptide levels after a spaghetti meal, compared with a white bread reference meal, were observed in children 2 years of age (Vigård, Axelsson and Björck, unpublished data) . The lowering of the metabolic responses to the spaghetti product was similar to that reported previously in adults using identical meals (Granfeldt et al, 1991; Liljeberg et al, 1999) . However, starchy food products for young children are usually devoid of food structure and of low dietary fibre content. Moreover, the type of processing used for precooking of cereal flours renders the starch more or less completely gelatinised (Granfeldt et al, 1995) . Consequently, a high GI could be expected in cereal foods intended for young children.
The aim of the present study was to determine the GI and insulinaemic index (II) of some common products intended for infants, that is, three commercial porridges and one gruel. Also, a fourth model porridge without fruit was included.
Materials and methods

Food products included in test meals
Porridges and gruel. The composition of the test products is given in Table 1 . Three commercial porridges, apple-pear porridge (rice and wheat flour), fruit porridge (whole-meal wheat, oat, rice and wheat flour) and rice porridge (rice flour), and one gruel (whole-meal wheat, rye, rice, wheat and oat flour) intended for infants were obtained from Semper Foods AB, Sweden. Two of the porridges contained fruit and fruit juice. To evaluate the influence of the fruit components per se on the postprandial glucose and insulin responses, a fourth porridge with the same main ingredients but without fruit, was balanced with sucrose, fructose and glucose to achieve the same carbohydrate composition as the applepear porridge. All porridges and the gruel contained, in addition to the precooked cereal flours, milk and/or whey.
The porridges were also served with milk. Before being served, the porridge or gruel powder was mixed with hot water according to instructions from the manufacturer.
White wheat bread reference product. Commercial white wheat flour (Kungsörnen AB, Järna, Sweden) was bought locally, and a standardised white bread was baked in a baking machine as fully described previously (Liljeberg & Björck, 1994) . After cooling, the bread was sliced (the crust removed), wrapped in aluminium foil, put into plastic bags and stored in a freezer until utilised.
Chemical analysis
Analysis of fructose, glucose, lactose, maltose and sucrose in the porridges and gruel products were conducted on a Dionex ion chromatograph system with electrochemical detector.
Prior to starch analysis, a portion of white bread was dried and milled (Cyclotec, Tecator, Sweden). The bread, porridges and gruel were analysed for starch according to Holm et al (1986) .
The protein content in the bread and model porridge, respectively, were analysed using the Kjeldahl procedure, while the protein content of the commercial products were obtained from the manufacturer's specifications (Table 2) . 
Test meals
The white reference bread (70.7 g) was served with 250 ml water. The test meals based on porridge were served with 50 ml milk (3% fat). To standardise the liquid volume in the test meals, 200 ml water was added to the porridge meals. Also, 150 ml coffee or tea was included in each meal. All the test meals and the reference bread meal contained the same amount of available carbohydrates, that is, 30 g. The subjects were served the meals as a breakfast in random order after an overnight fast. The tests were performed approximately 1 week apart and commenced at the same time in the morning.
Subjects
In all, 10 healthy adult volunteers, six men and four women, aged 24-41 y, with normal body mass indices (23.17 2.7 kg/m 2 ; mean7s.d.), normal fasting blood glucose (4.470.05 mmol/l; mean7s.e.m.) and without drug therapy, participated in the study. All test subjects gave their informed consent and were conscious of the possibility to withdraw from the study at any time they desired.
Blood analyses
Finger-prick capillary blood samples were taken prior to the meal (0) and at 15, 30, 45, 70, 95, 120 and 180 min after the meal for analysis of glucose, and after 15, 30, 45, 95 and 120 min for analysis of insulin. The blood glucose concentrations were analysed with a glucose oxidase-peroxidase reagent. The serum insulin levels were determined with an enzyme immunoassay kit (Mercodia Insulin ELISA, Mercodia AB, Uppsala, Sweden) on an integrated immunoassay analyser, CODAt Open Microplate System (Bio-Rad Laboratories, Hercules, CA, USA). Approval of the study was given by the Ethics Committee at the Faculty of medicine at Lund University, Sweden.
Calculation and statistical methods
The 95-min incremental postprandial blood glucose and insulin areas under the curves were calculated by use of GraphPad Prismt, version 3.02. All areas below the baseline were excluded from the calculations. Further, the glycaemic and insulinaemic indices (GI and II, respectively) were calculated from the areas under the curves, using white wheat bread as reference (GI and II ¼ 100, respectively). The results are expressed as mean7s.e.m., and the statistical significance of difference was assessed by general linear model (ANOVA), followed by Tukey's multiple comparisons test using MINITABt (release 13 for Windows). Differences resulting in Po0.05 were considered statistically significant.
In addition to the 95 min areas, calculations based on the 120 min areas according to the FAO/WHO recommendations (FAO/WHO, 1998) are included for comparison.
Results
At 45-70 min after the meals the test products resulted in significantly lower blood glucose levels compared with the reference bread product (Figure 1 ; Po0.05). Also at 70 min, the apple-pear porridge, rice porridge and the model product, respectively, gave lower glucose responses than the white bread. The GIs (67-75) for the commercial products were significantly lower than for the reference product (Table 3) . However, the GI (79) for the model product could not be distinguished from the reference.
The glucose and insulin responses after the different products did not correlate. In the early postprandial phase (15 min), the fruit porridge, rice porridge, apple-pear porridge and the model product, respectively, showed significantly higher insulin responses than the white bread (Po0.05; Figure 2 ). The IIs (112-149) for the commercial products and model product, respectively, were not significantly different from the reference (Table 3) . 
Discussion
In the present study, it was found that commercial porridges and gruel intended for infants have low GIs (67-75). However, the corresponding IIs (112-149) could not be distinguished from the bread reference. In previous studies of hot cereals intended for adults (Granfeldt et al, 1995; Liljeberg et al, 1996) , porridges based on flour or flakes from barley and oats, respectively, have been found to give high GIs (91-105) as well as high . In these studies, the products were evaluated per se, and the low GI values to the porridge and gruel products in the present study could probably be explained by the insulinotrophic effect of milk included in these products, or added to the test meals. Previous data show that the low GIs of fresh and fermented milk products (15-30) are accompanied by unexpectedly high IIs (90-98) (Ö stman et al, 2001) . In a follow-up study, the impact of milk added to a low-GI meal on postprandial glucose and insulin responses in healthy subject was evaluated (Liljeberg Elmståhl & Björck, 2001) . Even a realistic amount of milk (200 ml) increased the insulin secretion to a pasta meal to the same level seen with white bread. The mechanism for the insulinotrophic effect of milk is not known, but involves a mediator in addition to the carbohydrate moiety. Recent studies in our laboratory have shown that the whey fraction of milk is particularly insulinogenic and that specific amino acids seem to be involved (Nilsson et al, 2004) . A number of food factors with impact on the glycaemic features of starch in cereal products have been identified. Significantly lower GIs (33-73) may be obtained for bread products with part of the flour exchanged for intact cereal kernels, that is, Pumpernickel type breads (Liljeberg et al, 1992; Liljeberg & Björck, 1994) . A lowering of GI (57-72) was also seen when including a b-glucan-rich barley genotype in porridge and flat-baked bread products (Liljeberg et al, 1996) . Certain organic acids have been shown to reduce the metabolic response to cereal-based products by reducing the gastric emptying rate (Liljeberg & Björck, 1998) or affect the starch bioavailability (Ö stman et al, 2002) . Also, the use of minimal processing conditions may be a useful tool to maintain starch crystallinity, thus reducing amylase availability and GI of cereal flakes (Granfeldt et al, 2000) .
The metabolic consequences of high postprandial insulin responses mediated by milk products in different groups of individuals are not sufficiently known. It has been suggested that overweight subjects with a high intake of milk and dairy products are at a lower risk of developing diseases related to the insulin resistance syndrome (Pereira et al, 2002) . In contrast to these findings, it is known that also a shorter period (48-72 h) of hyperinsulinaemia might induce insulin resistance (DelPrato et al, 1994) . More studies are needed to clarify the metabolic consequences of milk-induced hyperinsulinaemia.
To evaluate the influence of fruit components per se on postprandial glycaemia and insulinaemia, a model product without fruit but balanced with respect to pattern and content of carbohydrates were included in the present study. The model product was thus added with low-molecularweight carbohydrates to match the apple-pear porridge, which contain apple juice, pear juice and dried apple. From the results it was found that the GI (67) of the apple-pear porridge was significantly reduced, compared with the bread reference, whereas the GI (79) of the model product was not. However, the GIs of the apple-pear porridge and the model product, respectively, were not significantly different. In international tables of GI (Foster-Powell et al, 2002) , low GIs (47-59) are registered for apple, apple juice and pear. Thus, it is suggested that the fruit components in porridge may have some lowering effect on the postprandial glucose level, or that intrinsic low-molecular-weight carbohydrates are less available than corresponding free sugars. Since organic acids (eg lactic acid and acetic acid) in bread products have been found to reduce glycaemia (Liljeberg & Björck, 1994; Liljeberg et al, 1995) , it could be hypothesised that even organic acids in fruits may be responsible for the lowered GI in the case of fruit-containing porridge. The literature concerning the effects of fruits and berries on postprandial glycaemia and information concerning potential effects of fruit supplementation of cereal products are scarce.
The apple-pear porridge and the model product received equally high IIs (122 and 119, respectively). Consequently, no lowering effect of the fruit components on postprandial insulinaemia was seen. Probably, the overall causes of the high IIs are related to the insulinotrophic effect of the milk component either present in or served with the commercial infant cereal products.
It could be concluded that the commercial porridges and gruel, evaluated in the present study, gave unexpectedly low GIs, when compared to published data for hot cereals intended for adults. In contrast, high IIs were noted. The inconsistency between GI and II could probably be explained by the insulinotrophic effect of the milk component present in these products. The fruit and fruit juice added to some of the products had only minor effect on postprandial glycaemia.
